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A WATER SYSTEM that shall provide a whole- 
. some supply for family use, prove serviceable 
for farm piiri)oscs, be as nearly periiiaiieiit as may 
be made, ami cost as little as possible is one of the 
principal utility problems of the average farmer. 
The aim of this bulletin is to give farmers, county 
agents, and others information concrrning sanitary 
and engineering principles underlying safe, service- 
able, and lasting water systems for farm homes. 
Study of the problems involved should always pre- 
cede the spending of nu)ney for labor or eciiiipmenl. 
The importance of n well-conceived plan can not be 
overestimated. Haphazard methods and makeshift 
devices result in waste, dissatisfaction, danger, and 
aban-doiuueirl. 

This bulletin supersedes Farmers' Bulletin 911, 
Water Systems for Farm Homes. 
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INTRODUCTION 

FAKM WOMEN say their greatest need is to have water piped 
into the house, espociaJly to the kitcUon sink. To draw water 
hy turninji a faucet does wonders to Hghten the work and revive the 
si")irits of the housewife. Farm men find running water no less con- 
venient. No other utility is so often used. If the water is pure, 
no other utility does so much to promote the health of both man 

and stook. . 

The tS2() census reports 1 out of 10 farms in the Lnited btates 
as having water i)ii)ed into the house. Vermont and California 
have the highest percentages, 02.9 and 5G, respectively. Arkansas 
and Mississippi have the lowest percentiiges, 0.8 iind 1.1, resi)ectively. 
Illinois has a percentage of 11.2. In the latter State a recent canvass 
of about 1,200 rural and urban houses in 1-4 counties shows that at 
54(') lu)Uie« watjer is crfM-ried to the house and at 20G it is carried to 
the harn; at fiOS homes water is jjumped to tJie house and at 106 it 
is pumped to the barn; 845 homes have sinks and 858 have none; 
5U!) homes have a laundry on the first floor; 4G-1 homes have a men's 
wash room outside the kitchen; 428 homes have bathtubs with run- 
ning hot and cold M'uter These statistics indicate how vast the 
unclevaloptiMl field is. Figures 1 and 2 show clearly how much it 
nionns t-o have running wat£r in and about the farm buildings. 

PURITY OF .FARM WATERS 

Purity of the water supply should be the first consideration of 
the farnier, though the fact is seldom realized until sickness or 
death visits some loved one. Disease germs can not be seen with 
the naked eye and thousands may lurk in a dro|i of water or in a 
particle of waste, matter tlie size of a pinhea-d. i rom specific germs 
or parasites tJuit may at any time exist in contwninated water there 
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may result typlioid fever, dysentery, diarrliea, or intestinal worins, 
of which the hookwonn, roundworm, whipworm, eelworm, tape- 
worm, and scutworni are the more connnon. Contiuninate<l water 
may e<intain also the causative a^nts of numerous ailments com- 
mon to liTPstock, such as tuberculosis, liog cholera, anthrax, gl»n- 
ders, and stomach and intestinal worms. Diseaae germs are cHrried 
hy many agencies and are unsuspectingly received into the body. 
A fftw ca^es Me cited herewith : 

111 JOJl till' water of n nicely located niid nppnroiitly tlsflitly covered dug 
well 111 A'lrjiliila began to smell and taste foul and l)ecome the cause of Intes- 
tinal dlsturliaiice. Kxainlaatlon disclosed 10 live frog8 iiiul 0 more or les.s 
decoiniKised. After tlio well liad been clonnwl and pumped out wf«r«l times, 
tlie water was entirely satisfactory. 

In 1!U4 fK> discs of typhoid fever and 7 deaths In California were caused hy 
II water supply contiindniited hy n seiitlc-tank discharge which drained a long 
iliiiitHnce ahove Krouiid and then throush 141 feet of grarsl. 





Fill. 2. JU'lliodN of plplni; wnti'r to trouKlis. Upix'r iPft trouRli HtipplIcO from a simple 
Hiili-fiw/,lii(f Held liydnmt. L'pper r\ebt trouKli automatlcnily Biippllcd liy a float 
valve, Helow, antl-iri'ezln^ float chamlipr from which water may lie automatlcaUy 
MippUml to oivn or more trwtiglia set to liavo the »«mo wiUor leval ; dottod pipes rtiow 
how i-yttMa may \tv drained 



. la lid.") R hoary rnln gorgt-d a hguse mewer In Vlrgliiin, wliwic* soimj wnter 
esenped to the pit at the top of h drlllwd well wnd followod dovfn tlio casing. 
Wilhlii 14 days five of the eight children In the family were stricken with 
lyiiludd fever and the eldest died. 

Surveys indicate that three ou.t of four farm water supjilios 
are sulliciently })i)lliited to be unsafe. Streams. })onds. irrigation 
ditches, and other surface su})plies are sure to receive }Kdhition, 
either directly or from furfare wash. Wells and sjiriiigs are jiol- 
luted through the open or loose, top and by foul drainage* vmder 
ground. Figures 8 and 4 .show some of tho ways by which fnrni 
water snii])lies become polluted and diingerous. 

SAFEGUARDING THE WATER SUPPLY 



Tight well ])lat forms and casings, clean grotnuLsj a.nd wide sejia- 
ration of the well from probable channels of im])ua-e dr«-imige are 
the greatest safeguards. It is not enough th»t a well or spring 
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is situated 50 or 150 feet from a source of filtJi or tliat it is on 
hiphor •;roun{l. Given porous pround, a seamy Jedfje, or lon^- 
coiitiiuied pollution of one plat of land, the zone of pollution is 




Fl(i S.- How s|)rlni,'K mid wells liorimio polluted. .-1. Oix-ii sprlni; : iioxloiit* siiUsliincps 
me wiisIkmI In li.v riilii niul eiirrlfyl liy wind; vermin haw fiet> luci-fs; vi-cetiiHle (irowths 
develop In Hie water; /I. the favorite well of old 1» a menace; dust and liactprlal life 
llnd lodgement: llltli from tlie hands clliiKs to the chain and bucket: (' and 7) show- 
wells liavliiK loose, unsafe plalfornis; pollution by surfact! wash, flllli from sho<'«, 
dioppliiKs from iMinltrv. wormK. buRs, toads, inlci-, or otJier animal life; well between 
barn and lioR wiillow'; K, well badly iK)llule<I by drainage from near-by privy 

likely to extend Jon^' di.'<tanre.'<. particularly in downhill directions. 
A well may draw pollution from lower ground, particularly when 
drought and heavy ])uniping depress the water taole enough to re- 
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A'erse tlao direction of drainage movement. Only when the surface 
of the -water in n well or spring is a.t a higher level j^t aJl times 
than any near-by sources of filtli is tliere assurance of safetj' from 
ini])ure seepage. Figures 5, A, B, and O and Figure 6 show Avell- 
])rotccted water supplies; additional safeguards are shown in Fig- 
ures 14 imd IT). Figure 7 shows iu striking manner what good water 
means to a community. 

CHARACTERISTICS OF GOOD WATER 

AVater for domestic use should be clear, colorless, odorless, soft, 
neither .^trongl}' acid nor alkaline, and its temperature for general 
farm purposes should be about 50° F. These characteristics, how- 
ever, must never be deemed proof of purity, for a glass of water 




rid. 4,. — Jlo«' foul dralnasto rencIicM wella and streams. Below : CliaractGrlstIc openliiea 
In rock form))lIc«i» ; sink holes and cimnncis dissolved in Umi-ntone; Jolnte<l or 
lirokwi condition In the upper portion of pranlte and oilier kinds of bedrock : the 
farm -wtfatsw Rliould nevor be thrown or discharged In sink holes or oUier rock 
o[KKiln^ 



uniy possess them all and yet contain millions of disease-producing 
germs. Any sus])ieious water should be rejected or disinfecteil 
(see Disinfection of Drinking Water, page 10) until both the wuter 
and the surroundings where it is obtained are passed upon by coni- 
l)(>t,<nt sanitation inithorit-y, such as the town, city, county, oi- State 
board of health. 

CONSUMPTION OF WATER 

Higher standards of living are CTeiywhere creating new and ui- 
creased denmnds for water. A bath requires 30 gallons, and each 
ilush of a toilet takes 4 to 6 gallons. Heavily Avorked horses and 
mules and milk cows may consume -20 to 25 gallons per day in hot 
weather, and with all farm animals conditions of -weiUJier, food, and 
living may double or halve the ordinary requirements. Table 1 
shows fair allowances. 




Vw.r, A. Knvoriihlp locution for w<.ll : cl.-an Kroiind ahove or to onp sld.. of Imiinrp 
drniimKo fiom hnlldhics; /(, tight coiieroto i>liitfonn with rnisptl iind slonltiK ton nnd 
pump «-o,rol5; l,olt«l to It ; V prot<-ctioii of im old well. Marylnnd ; /», ji?rv„nlmr s","'l 
, r/l' fL"lVj, il?"'''. ' "iitPi- .lls.«..lF,^ inoro or 1««, 7I11C, i» wirm In summer 
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Table 1. — Water requirements of farms and sehoolt 



Mrt 



Domestic purposes, 1 pump at kitchen sink 

Domestic purposes, 1 faucet at kitchen sink- 

Domestic purposes, running hot and cold wate'r In kitchenVbathroomVand laundr^^ 
Sprinkling and cooling purposes, outdoor washing, Isskaie, etc „ 

A veraKe dally consumption, modern home 

Maximum dally consumption, modern homo.. I.. .II 

Schools, 3 to 15 falleM,av«r«c« 

Horse, mule, oreow..i..:...; IIII'I 

Sheep or hog 



Quantity 



Oallont 
4-8 
7-15 
30-26 
16 
40 
100 
7 
13 
1 



CISTERNS 

Rnin water is soft and comparatively pure, but wlien collected in 
cisterns often contains polluting matter. The evils of cistern water 
relate to tlie unoe-rt^ty of rainfall; to freezing in winter and un- 
wholcsoinen** in summer; to entrance of dust, soot, bird droppings, 




Kio. (.. — I'rotcctlon of Rprlngs. Curbed and coverpd to keep out surface wrkIi and to 
prcvi'nt dipping or ImlUnc; water should be drawn only by natural flow through a 
pipe or by pumping: on tho loft, si|uai-e concivte Iwx liavlng 4 or ."i Inch whJIk and 
8 Inch top r«*Bforc«<l «itJi henvy wln» n^ttlnr or utock fencing; ou tho right, curb 
«)mpo««d of I iirs« ■*!»<• clay or coiicri4e pipe (1 bruwhes) 



and vermin from the roof; to objectionable taste from metal and 
concrete walls or from growth and decay of certain organisms in 
the water; to neglect in cleaning; and to poor construction result- 
ing in loss of water or entrance of tree roots, or, what is frequent 
and more serious, foul soepnge from a nearby source of filth. Fig- 
ure 5, D fcnd E show cist-erns that should not be used for drinking 
wat*.r. 

The vital features of a cistern for potable water are: (1) Abso- 
\\\U> water-tightness, top, sides, and bottom, and close screening of 
inlet and waste pipes; (2) provision for excluding from tho cistern 
the first portion of each rainfall until the roof or other collecting 
area has iH'come rinsed thoroughly; (3) a first-class filter of clean, 
well-selccfc»id sand and thoroughly burned charcoal; (4) a waste pipe 
which removes surplus inflow- from the bottom of the cistoi-n where 
impurities tend naturally to settle; (5) periodic and thorough clean- 
ing of the cistern nnd filter; (G) no connection between the waste 
pipe and ii sewer or a drain which may carry impure drainage, 
•irwia"— 2r> 2 
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To determine the quantity of wat^r falling on roofs: Pleasure 
horizontally in feet the ground plan of the roof and eomputo the 
area of the ground plan in square feet. ^Multiply tiiis area by the 
rainfall in inches (tor the ^vet-weather ])eriod ^ which must supply 
the desired storage) and divide Q\c product by 1.6. The result is 
the number of gallons of Aater. The householder who Would avoid 
the inconveniences of ii shortage in his cistern sup])ly is fully war- 
ranted in ])laiining a large installation. Most localities experience 
long droughts or c.\ce])tionally dry years when rainfall drops to 
one-hnlf or one-third of the nonnal. Aloreover, manj' small rains 
may be ini]n"actic«ble of collection because of Uie dirty eondition of 
the roof. 

To find the capacity of scjuare or rectangular cisterns and tanks: 
Multiply the insulo length by the breadth and the product by the 
height, each dimension being in feet. Multiply the result (cubic 
feet) by TVo to find the gallons. Gallons divided by 311/^ give 
barrels. Table 2 shows the ca])acity of round cisterns of certain 
diuieiisions. 

Table 2. — CapiK^ty of rcm-»<i ci«iornf (ukI ta-Hk» 
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AVood cistern.s are objectionable because of their short life,, proba- 
bilitj' of leaking, nnd ti>ndency to proifiot<^ bacterial growth: they 
cost about as' imich as steel or iiiiisonrv. Brick cisterns are generally 
circular, with walls about 8 inches thick. The joints .should be coni- 
])letely filled with cement mortar and both the inside and outside 
surfaces should ho left rough to receive heavy phisteriiig coats of 
rich I'orthind cement mortar. Tim inside should be troweled while 
green to produce a hard iuipsrvious surface. Concrete cisterns may 
be scpinre or round, the lattw, for a given capacity, requiring a little 
le.>5S lualerial, but more labor in building the form. Information 
on mi.xing and placing concrete and phustering coats to .secure water- 
tigbtne.ss is given in other bulletins = of tJie Department of Agri- 
culture. 



' 1 lip amount nnd the soaaonnl illslrlbntlon of rnlnfnU at the principal ciUpg tlirorifh- 
out tb(> countr.v niny Ia obtained from the \t. S. Wpathpr Uureau. Wnnlilnclon. 1). C. from 
local foroniHlcrs In the several Sljile*, and from published reportH of tlie weather liureau 
In man.v llbrurle.t. 

M'caibook Separate 824, Scfurllif «- Dry CsJlJir. Farmers' BulleUn I27n. Plain Concrete 
for l arin t'HP, and Department Itullutlii 2^0. Oll-Mlxed Portland Cement Concrete. The 
llrst two are mailed free on reipiest by the U. S. UeparLm.Mit of ABrlculture and the last 
may lie ohtn ned for 10 cents from the Superlnteuilant of Documciita, Uovcrnmcnt Print- 
ing Otllcc, W asliluistou, U. C. 
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Before putting a masonry cistern to use the inside walls should 
be allowed to air and cure for a month or more and be occasionally 
sprinkled with water to convert the free lime in the eomeni to cat- 
bonate of lime, which is only slightly soluble in pure water. A new 
cistei-n should be i>umped out two or three times prior to u.se of the 
water for drinking. With continued use of a cistern dissolved 
innieral matter ceases to be of importanee. 

FILTERS 

Filters should operate slowly— like rainfall percolating into the 
L^rouud. nie rat« of filti-ation should not exceed 50 gallons in 24 
hours for each square foot of effective area in the filter bed ; the rate 
IS readily controlled by placing a valve in the pipe from the filter 
to the cistern, opening or closing the valve as necessary. The water 




1655 1660 1865 1870 i67s «80 1^ 'leio ms iTOo Mos 1110 \m mo 

DEATM5 FROM TYPHOID FEVER PER 100,000 POPULATION — «« "*'* 
PERCENTAGE OF POPULATION SUPPLIED WlTM PUBLIC WATER--.. 

„J Tu''-',"*' •"■ Massachusolts from. f8.'55 to 1»L'3 ; notice the rlw of tli( riotH 

nM^l.";;;. v<--tlcnl hnn.: In mat fully no per cent of the ^1,^1^ Von ^ul- 
'i .wwwl"" 'T';',"' typliold-fevw death rato lud decE to 1 8 

?ro'ix ir«"f<:a.Tir/of.r^"^" "^"^ 

level should be maintained olwve the filtering material, thus pro- 
tecting the film of silt and mud on the surface of the filter It is 
in Uus film and a thin layer juat beloM- it that most of the filterin<r 
is (lone. * 

Sand is ()ne of the best and mo^t available flltoring materials, and 
well-l)iirned M'ood charcoal, the pieces averaging the size of wheat 
grains, is useful in removing color, taste, and oJor. Clean pit or beach 
sand or crushed quarts is much u.sed. Where the water to be filtered 
IS relatively clear (like rainwater) the sand should be very fine 
i^or surface waters carrying sediment, slightly coarser sand, such 
as IS us_ed ni astering work, is generally used. A depth of 2 feet 
of carefully selected, uniform size sand, washed to remove all clay, 
silt, loam anci vegetable matter, is preferable to a greater depth of 
poor sand. As the thm surface layer becomes clogged with con- 
tinued iist^ it may be scratched or fm rowed or a half inch may be 
scraped off with a trowel, until eventually the bed is reduced to 12 
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or 15 inches in thickness. Tiie sand removed should bo washed and 
returned, or bo replaced -witli new sand. 

Fifjure 8 shoe's a simple home-made slow sand filter having a 
capacity of 2.") to 30 gallons per 24 hours. It cnn be made'-by any 
handy person for about $10. Figure 9 shows the important features 
of n filter and cistern to care for roof water. Figure 10 shows an 
arrangement to clarify water from an irrigation ditch. 

The foregoing filters are of the gravity or open type. They 
operate by natural flow at slow rates and under low heads. Pres- 
sure or closed filters a,re on the market. Tiiey may be placed con- 
veniently in the iiome and be connected with the discharge pipe 

from a pump or other pressure supply. 
The filtering material may be a natural 
product such as tripoli stone or sand and 
charcoal. If the water is discolored and 
contains matter too fine to settle on .stand- 
ing, the filter may be provided with a de- 
vice which automatically feeds tn sm»ll 
quantity of alum or other coagidHnt into 
tiie iinfllterod water. 

Caution. — A filter is a device for re- 
moving dirt or sediment from water. 
~m"|fGi*« It promotes purity and safely but never 
f \f is ft guarwity. It docs not excuse tiie 
use of water taken frorft sources known to 
be contaminated. Filtration alone does 
not materially affect sucii dissolved min- 
erals as the water may contain. For in- 
stance, if brine be filtered, the resultant 
will still be salt water. A filter siiould 
be easily accoRsible for cleaning. The fre- 
tpicncy of cleHniug depends on the dirti- 
ness of the water and tiie use of tiie fil- 
ter. Dirty sand can be washed, but dirty 
charcoal should be replaced with new charcoal. Charcoal filters, 
if neglected, may become a tletriiiieiit rather than a benefit, tlue to 
the storage and overloading of organic matter within tlie pores and 
upon the surface of the charcoal. 

DISINFECTION OF DRINKING WATER 

Disinfection (destruction of disease germs) of drinking water by 
home methods should be considered an emergency measure. Hic 
purity of a cistern, spring, well, or surface water is often suspected 
before the existence of disease becomes definitely known. Suspicion 
may lie created by tninor intestinal ailments or by odor or taste of 
the water. Fending examination of the water supply liy competent 
sanitation authority, the householder should stop using the water 
for drinking and cooking or employ soinu method of disinfection. 
Where, cli emical tlisinfection is employed, great care should be used 
in pruparing the chemical, keeping it on hand, and adding it to the 
water. Directions should be followed cxiilicltly. Stock solutions 
should be kept where children can not get them aiid bottles should be 
plainly labeled "Stock Solution for Disinfecting Water— Poison 




hill, », — tlHicnniii lie dlarw niikI 
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It is very important to "uftd^wSl ifiitt, eren though printed 
directions we cluwJy followed, disinfection processes are not always 
complete. Waters of varying pliysical and chemical eomposition 
react differently with equal quantities of a given chemical, similarly 
as two individuals may be differently affected by like dmm of 
medicine. Clear water is usually iiKorfe iSftftflily Akiiirfe^d ' %h»B 
muddy or cloudy water. "Well or spring wiefceri m*y, however, be 
clenr and sparkling and yet confeiiii So much fpfrous iron, nitrite 
nitrogen, or other oxidizable matter as to be little affected by an 
ordinary dose of the chemical disinfectant. The sediment in a 
muddy water or the oxidizable constituents, if such be present, in a 
clear water uses u]) the chemical before germicidal action takes pl&ce. 

Chemists and bacteriologists by laborafeory experiments determine 
the exact aiiiount of 
disinfectant for each 
particular water and 
its action on the germs 
therein. These mat- 
ters are guesswork 
with the average indi- 
vidual. He miky gue^ 
wrong, and his efforts 
to disinfect drinking 
water may lead to a 
false sense of safety. 
P^or these leiisons abso- 
lute relianc* odn not be 
placed upon home 
methods of sterilizing 
water with cliomicals. 
As a temporary pre- 
caution against disease, 
such ni e t Ii o d s may 
serve a very great serv- 
ice._ Two methods of 
disinfecting drinlring 
water recoiiiniendcd hy 
the Bureau of Chcmis- 
trv are as follows: 

(1) /)i.s/nfcntio7i with 
ekloriffc of lime. — Pre- 
pare a chloride of lime solution by dissolving 1 teaspoonful of fresh 
chl(fi-ide of lime (bleaching pow'der) in 1 quart of water. Place 
this siock solution in a stoppered bottle. Such a solution gradually 
loses its strength, and fresh solutions should be made up occasionally. 
For disinfecting water, mix thoroughly 1 teaspoonful of this solution 
with 2 gallons of water. After 30 minutes the wnter will usually be 
fit to drink. 

(2) DJs'nifection with tincture of iodine. — This drug is an excel- 
lent disinfectant for drinking water, can be obtained at any drug 
store, and is foimd in the medicine chests of most households. Ordi- 
nary tincture of iodine contains approximat-ely 7 per cent of iodine. 
Mix 1 drop of this tincture thoroughly with 1 quart of water. Tli« 




Fin. n - Working drawing for n square filter .Tnd cistern 
to liold about 3,000 gallons; ertlniated cost $100 

to yii t)0 
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water so treated will usually bo safe for drinking purposes after 30 
minuti's have elapsed. Proportional mixtures for other quajitities 
of watii-r lire as follows: 11 drops of tincture in 2% gallons of water 
(an ordinary i)ail full), 1 tablesiwonfid or \\ tcas])oonfnls of tinc- 
ture in gallons of water (a large barrel, approximate inside 
middle diameter 24 inches, end diameters 20 inches, depth 30% 
inches).' 

SURFACE-WATER SUPPLIES 

Streams, ])onds, irrigation ditches, and small open reservoirs are 
unsafe -sources of farm water supply. The temperature of such 
water seldom is satisfactory, and the presence of uu)re or le.ss pol- 
luting matter is certain. The onl}' snfe course is to avoid drinking 

wat^ir from any sur- 
unless 
has been 
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face source 
such water 
disinfected. 
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(Irnwinir fi'ir 



wnt«?r from an frrlipatlon ditch 



clstqrii mid inter to 
cl*tTTn holds 
0 giillouM iH'r ^4 



GROUND - WATEB 
SUPPLIES 

Good ground water 
is the ideal s u p p 1 y 
for the farm. If un- 
certain of the depth, 
quantity, or quality 
of tlie water likely 
to be encountered, one 
should describe fully 
the location and con- 
ditions to the Tnited 
States Geoloijical Sur- 
vey or to State geo- 
logicaj authorities and 
ask for advice. ^Mauy 
wells have been sunk 
to great il e ]) t h s in 
the belief that a jjlentifiil supply would bo riMiohed. only to find 
no water, or that it was unfit for use. or tlmt a mere hole had been 
crented which servwl only to drain water from relatively near the 
surface. Information as to the kind, thickness, porosity, and dip of 
the strata of the ri!<;i()n. the results obtained in neighboring wells, 
and examination of the land slopes, vegetation, and evidences of 
seeps and springs serve as good <.niides in locating water siip])lies. 
There is little to recommend certain patt'ut^id electrical water finders 
oi the use of u forked willow, ha7A'.l, or peach stick, although so- 
calle^l forked-vstick artists, from their experience and observation of 
surfait' conditions, usually are better able to judge of the probabili- 
ties of ground water than is the average ])erson. 

•Two other nictliodH oftnii iiwd to disinfect (IrlnklnR water are ns follows: 

(1) Uollliic water HO iiiiniUes. This 1h a very Mfe method but Is Uieinivciilent for 
larce (|iiHiitltlcs of wntor or where the method must be employed for n considerable period 
of time. 

(2) IHsIiifcctloii wUh tahletH contalnliiK « compound of chlorine. Tlilm method is 
»lmpl« Hiid convenient, Bs suitable tablets -with directions for using m»y be purchased «t 
many druif storms. 



Fio. 10. — Working' 
clarify 

2'27i j;rnllonH : CHp^iclty fif filter Mbeut 
hours : <*stlmnted cost to ?l-5 
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The most likely appearance of Mid springs fs nefti"¥He l^aae 
or toe of slopes. Shallow wells thus located usually arc stronger 
than those higher up the slope or farther out on the flats. Wells 
u])on the crown of a hill or dose to rock outcrops are not likely to 
yield plentifully. The stronger artesian flows usually come from the 
lowisr strata. 

Sands, gravels, porous sandstone (consolidated sand), and con- 
^domerate.s (consolidated gravel) are the most promising water-bear- 
ing matej-mls. Quicksand, clay, marl, and hardpan usually ccmtain 
cousiderftble water, but yield it too slowly to afford satisfactory sup- 
plies. Shale and slate (consolidated silt and clay) are not good 
water bearer.s, but water sometimes is obtained at considerable depths 
from the joints and cleavage planes. Granite, gneiss, and schist 
(rocks formed or modified by heat) are likely to be hard and im.j>er- 
^•u)us, but due to broken or jointed condition (generally within 300 
feet of Uie surface and seldom below 500 feet) may yield moderate 
quantities of very good water. Lava rock often yields abimdantly, 
Init generally the supply is essentially of surface origin, frequently 
seepage from irrigation ditches. Limestone usually carries aji 
nbundinice of water within the passage- 
ways and cavernous channels which char- 
acterize this rock, but tlie wtU-or usually 
is hard and may be contaminated easily 
from surfftce sources. (See Fig. 4.) 

SEEPS AND SPRINGS 

Seeps and springs are the natural 
emergence of ground water upon the 
surface. Anything that reduces resist- 
ance to the flow, such as open-joint pij^es 

or conduits for the collection of seeps ^'Sk"»,;.i!^f/,rd*il;;aV!'Vr'iV^^^^ 
or excavating and encasing a s])ring. 

tends to increase the yield. Increase of resistance through cholcing 
the flow or buildin-r up the curb to a moderate height above the 
natural surface tends to decrease the yield, and luav cause its com- 
plete loss by deflecting it to other channels. Fi^ire' 11 shows drain 
tile laid to collect seeps or small springs. To prevent silt entering the 
tilo a 0 to 8 inch wide strip of linen or burlap should be fastened 
around PMch joint. If «nt part of the line is in quicksand, mud. or 
clay, where little or objectionable water would be collected, sewer ])i])e 
hhouh] he used in that portion and the joints should be tightly made 
with jute niid cement mortar or bituminous jointing compound to 
keen out fine material. 

Ilorizoutal pii)es. cribs, or chambers are sometimes located be- 
neath irrigation ditches or where water is to ])e taken from the 
margin of a pond or stream. In the latter instances it is better 
to locate the collector 50 or more feet from the body of water, be- 
cause it is better to intercept ground water moving toward a sur- 
face sui)ply than to draw wakir from it direct. Collectors may be 
of tile, wood, stone, brick or concrete, and there should be ample 
si^ace. i)articularly at the bottom, for water to eutnr. They should 
be placed Ixdow all low-water levels, lengthening thein us necessary 
to inci-ease the yield. 
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In many instanr-cs iin eleviited sprini^ may be i>iped to the build- 
ings, fofmtn<,' a {gravity systcnn, as sliown in Figure 12. Where 
feasible, such a system is superior to »,\\^ other kind because the 
water is generally good, the construction is simple, the operaAiojj is 
pertain and the e.\ix.'iise and both»r of pumping are savdd. Figure 
6 shows two simjile curbs to inclose and protect springs. 

WELLS 

Wells ate arttfidaJ opeutngs in the ground to or below the Aratcr 
t«blo. They .^should be sunk siiflicicntly into the M'ater-bearing mate- 
rinl in order that neither drought nor ituiximuin pumping operations 
of the farm shall so lower the gioimd wiiter that the pump must be 
stopjKKl to avoid taking air. Xo new well should be regarded as 
complete until a pumping test of proper (•ontinuous duration has 
been uuule to determine it^ suflicieney for the purjiose of the farm 
and to make sure that a mwe poeket\)f water luis not boon Uipped. 
Unscrupulous contrnctors re&ort t^) uunmrous ta'icks wh&n tjesting 




Fi<>. 12.— Watpr (Ipllvcro.l l),v Kravll.v (niitiiriU flow). Note iirolwUoii of tli* onrlnc- 

wells. Hud thp.«;p. matters .«ihoiild have the i)er.somil attention of the 
fiirmer who pavs the hill. In making the hnal pumping test the dis- 
chiirge should be taken by pii)es or troughs n considerable distance 
from th(! well and to lower ground if possible. 

DUG WELLS 

Dug M-ells are open excavations, the diameter varying with the 
freedoui with which water enter.K, the rales of pumping, imd the 
requirements for water. ExcavHtions showing the sli-dite'^t indica- 
tion of caving .'Should be ciirefiillv braced to guard against accident, 
i he u.^ual method of digging wells is to hiive one or two men at the 
bottom to loo.sen the material and shovel it into a bucket which is 
hoisted to the surface with the aid of a windlass or tackle blocks as 
.shown in I< igure .1 and //. Souietiines n snnill orange-peel 
bucket operated by hand with the aid of a tripod derrick is used 
In loo^ sand yielding iin abundance of water the excavation soimy 
tim^ IS made entirely by the use of h centrifugal pump. The lining 
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or curl) is started on a wood or st^l slioe which gradually sinks as 
material is piimp^ from the bottom aiul ciirbinfr is added at the top. 

Quicksand is a frequent source of trouble. If the material is re- 
moved by iin oranre-])eel bucket or ii centrifu<ral pum]), flow of the 
(j^uicksnnd may be largely ])revented by keeping the excavation par- 
tuilly full of water, thus neiitriiliziug the hydraulic pressure in the 
(piicksand and rendering it comparatively solid. If the material 
must be ext;aTated by hand methods, the lower or cutting edge of the 
sheetiujf or ciirbiiuf should be constnntJv kept from 1 to 4 feet 
beloVr the bottom of the excavation. Wood may be used for sheeting 
and steel or concrete for permanent curbing; its sides should be 
water-tight. Hav, straw, or fine brush is very useful to give men 
footing and to close temporarily small boils in the bottom of the 
excnvation. After the excaviition is completed, entry of quicksand 
nt the bottom may be provejittMl by placmg a tliin layw of clesn, 

uonrse sand and weighting 
it with severnl layers of 
Siind or gravel of increas- 
ing coarseness. There is 
thus created a graded sand 
filter, each layer of which 
is held in portion by the 
slightly coiirw material 
a bore it. 

Curbs may be of stone, 
brick, concrete block, or 
of concrete, viti-ified, corru- 
gated, or ciist-iron pipe. 
Wood soon decajs und 
should not be nsod,. At 
le«st the up]>or 10 feet of 
masonry c u r b s should l)c 
laid in cement mortar to 
make it water-tight. Fig- 
ure 14 shows a brick curb 
with the to]) ])ro])erly ])ro- 
tected. Conijide-rLnK clean- 
liness, tightness, durability, and cost, ])erhaps no curbing is better 
than vitrified sewer pi])e or hard-burned drain tile. Such a curb 
with cemented joints and a method of lowering and placing the 
])ipe is .shown in Figure la. Sometimes the ])ipes arc ])laccd with 
the hubs dowuwiinl, but such arrangement makes it impracticiible 
ti) lament the joints. Sometimes the lower jjorticui of the curb is 
«nhirge,d by building up from the bottom with stone or brick laid 
without mortar, the masonry being arched inwardly to meet and 
support the pipe curbing at or near the water level. " The s])ace l)e- 
twocn the curb and the sides of the excnvation should be filled with 
clean sand and grnvel, the coarser material being placed from the 
bottom to the water level. The u])per 10 feet may to adva,ntaffe be 
sealed with concrete or clay. The curb should be brought at least 
1 foot above the ground and be surmounted by n concrete ])hitform 
in which is placed a tight-fitting iron or concrete manhole cover. 




Flo. 14. — Pup well, cni-bml with -l-lncli course of 
hilck laid dry. Onp llki> this In Jliirylnnd, i feet 
In dlametpr and T.\ fi'ot iief\> In citi.v koII co8t. 
$.'>.?.18 In IDl.'i; innnliolc and cover Klmpwl by 
UNlnir n Inrpp dlKli pnn : cost IncIudOK l.!)(H) 
brick, the pall, nijx', i>lrk and sliovel used In 
cxcavathiB, \\w nllrlier immp which Ih mounted 
on a concrete l)aKe !> iDchnH wiuare - and IS 
Incbel hiKli 
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The platform should slope from the center and the earth be graded 
to shed pump drippings and surface water quickly. 

If a pump is to set upon the platform, a block of wood or a tin 
can may be embedded m the concrete to provide an openine for 
the pipe and cylinder. A firm, water-tight joint between tlnjiwyj 
base and the concrete is made by usiji^f .expaniion bolts or ^tcho* 
bolts and a gasket. Expansion bolts »re screwed through the pump 
base into holes in the concrete. Anchor bolts to fit the holes in the 
base are embedded in the concrete when it is placed. Ordinary 
bolts witfi the thre»d end up and a large flat washer on the head in 
the concrete answer 

every pUrjlOSe. Manhole Cover-^^ 

If properly located, 
built, and protected, 
dug weUs are niwe 
likely to be satisfac- 
toi'v than tubular 
wells. The iulviin- 
tages relate to 
longer life, softw 
water, and larger 
rolunie, permitting 
more rapid pump- 
ing, lower lifts, 
easier inspection 
and cleaning, and 
loss k-ouble from 
qiiicJvsand and air 
leaks. 

CLEAiriNG mjG 
WELLS 




MEITHOD 
OF LOWERING 
PIPES 



^ Ston* or 
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Most dug wells 
require cleaning oc- 
casioniilly, due to 
the entrance of dust 
or otJier foreign 
matter at the toj) 
and to the wushing 
in of chiy and silt with the ground water. The first step should be an 
inspection of the curb, which if weak or defective would umke entrance 
diingcrous. This examination may be made more thoroughly by 
the nid of a beuiii of sunlight reflectod into the well by a mirror 
Jo (etcrniinc the presence of harmful gases, a lighted candle or 
siiiull bird .should be lowered into the well. Comjilete or partial 
failure of the candle to burn, or death or exhaustion of the bird in- 
dicates dangerous conditions for maoi. Thorough ventilation of' the 
well IS the best remedy. 

If it is found safe to enter the well a ladder should be lowered 
iind (he curb from Uie top down scrubbed with wire or other stiff 
brushes and rinSwl thoroughly. The well should then be pumped as 
low as possible, and any mud, moss, or other debris should be scraped 
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into pails and fcmovwi. After Uiordt^li cleaning tho W<^1 !§dHld 
be nlloMccl to fill and should then be pumped out rapidh'. This op- 
eration may bo rejieated to advantage two or three times. The disin- 
fection of Avells with chemicals is not recommended unless tlie work 
is done under technical direction. (See Disinfection of Drinking 
Water, jiage 10.) Tlie volume of water must not only be eetimictefl 
with reasonable exactness, but the olmracter of the wstoa- fund tl& 
pvo]ier anioimt of chemical should ahva3's be determined by eJf- 
pert chenii.st. 'J'lie effects of disinfection gradually disuppew t» 
water flows into a well to replace that drawn out. 

BORED WELLS 

Bored wells are made with earth augers turned and lifted by 
hand or horse jjower. The method is not extensivel}' u.sed and is 
confined to relative!}' suuill diameters and de]>ths and to clay, mud, 
fine p-avelj or other comparatively soft materiftJs free from bowldar*. 

DRIVEN WELLS 

Driven wells are iron or steel ]>i])es forced into a water-bearing 
bed. Tiiey are more likely to yield hard water than are shallower 
dug wells, but they are less likely to receive organic impurities.* 
Iji siju])Iest form, 1 to 3-inch extra .strong wrought pipe is cu± in con- 
vpuient lengths and ]>rovided with a well point driven as sUo^'u 
in Figure If). A. The pipe joints should be coated with red 
lead or graphite and oil and .should be tightly screwed with pipe 
wrenches or tongs. Otherwise, if used as suction pipe, it will leak 
air. or when the l)il)e is being driven the threads may Im? stripped 
or the couplings s])lit. The top unist have a heavy cap or steel drive- 
head to ])reveut battering the pipe. A li/o-ii'di nmn] not cost 
over 50 cents per foot, including extra strong p'lpa. The metJiod 
is very useful lu ])ros])e«'ting for water within 20 or -10 feet of the 
surface and for teiii])orary .sup])lies. Where there is no rock it is 
the quickest and cheapest method of obtaining ground water. The 
l)rinci])al fault of .sncii wells lies in the strainer becoming corroded 
and choked. Often a well must be abandoned in a few years or 
the i)i])e ])nlle<l and redriven. 

Open-cud, driven wells are less easily cligk»<lj and if ])roperly 
cleared of clay and silt, arc frequently used in very fine sunds. The 
material which enters the drive pil^e is removed with a sand pump 
or is washed u]) with the aid of a force pumj) and a smaller ])ipe 
known «s tin* drill or wash jiipe inside the (Irive pipe. A steel jetting 
drill is .scrtnTcd into the eiiil of the wash pipe and is very useful t-o 
loosen the earth and split small stones at the bottom of the drire 
pi])e, which should be ])rotectcd by a steel coupling or shoe. Use of a 
saw-tooth shoe and turning the entire string of pipe at each blow 
incica.ses the ]u-ogress. To facilitate water entering the well the first 
piece of pipe usually has uniucrons one-fourth-inch holes drilled 
through tlie shell. Figur*>s IG, B, G, »ud I), show hand outfits and 



< Out of l.'.M."? wplls loss Uinti 2.1 foot rtepp In Illinois, 74 per cont w<'rp rondoranort ; 
liUt of a.7i)7 wcllK to ."'0 fovt deep, OH per cent were rondemned : out of 1.3:!."? welU 
BO to IIM) f(K't deep, :!'.' per eciit wen' rondemned : out of .'5.22S wells more th»n 100 f««t 
deep, oiilv l.'i per rent weri' roiolemned. Si'e Wnter Siirve.v Series, No. 13, Kd*f«rd 
Uiirtow, director, Stiil« Water Survey, rrhnim. 111., p. 1.1. 
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nfH^Arfor Mvine open-end Wel'hs. Figure IG, D sliows the jetting 
process; the method is equally useful with the driving outfits shown 
in Figure IG, B and G. Wells always should be tested for yield when 
the ims^ mrter fails to rise lo tl» «wrf ace of tli« ground. Wkere 






I'lo. 10.— Hand iiictliodK of drlvlnR wells. A, u»e of a hairy striking lianiinor, slodR*. or 
inaiil, y<, drlv.. block with bole through a-nter and raised by direct lift: laborers 
prefer this method, and their weight assists the drlvlnR; V, drive block raised with 
>> .".y * pullry, and lt» fall Buld«l by a wjrtndle which gow Inside Uie pipe; 
I), Jetring proei'»« ri-^* 

material is conrsp enough to " loso" the wash water, it is of suitable 
character to yield freely. 

Driving and jetting outfits can often be made from odds and ends 
about the fnnn. They are readily operated by three or four men 
to depths of 100 or more feet in clays, sands, and gravels. Fre- 
quently Ml outfit with one experienced well-driver may be hired; for 



to 



Fmmem' BiilletiH .i44S 



$8 or $10 a day, and with the aid of farm liands, after »V««ytkiii^ 
is assembled, a well may be sunk 50 feet in a day. Fair pricM ifor 
2_and 2Vi-inch wells are $1 to $2 per foot, including extra strong 
pipe. Where tJie water is vej-y deep, driven wells are usually 4 to 8 
inches in diameter and we sunk by parties experienced in the Avork. 

CLKAllIXd DIIIVEX WELLS 

A success or failure with driven wells often is a matter of freeing 
them of fine miwtwiaJ. AVntcr may be within 20 or 30 feet of tlie 
surface, but the ptnup handle yanks back quickly, indiciitins Uiat the 
material is too tight to yield freely. Such wells inust be coaxed. The 
pump should be worked slowly and jMitiently to draw out tlie fine 
material and create i)crcolntion into the well. * Should the well choke 
from inflow of tine material the i)Uiiip should be detached and the 
material should be bailed or washed out. As more chij', silt, and 
fine sand are brought out of the well the i)umping may become more 
rapid. The result often is the creation of a jjockct of coarse material 
about the bottom of the i)ipe, giving a free-yielding well. 

There are several methods of coping witli quicksand in tubular 
Avells. If there i.s i)robahility of coarse material beneiith the quick 
sand the hitter nuiy bo kept out by driving the casing through it. 
Sometimes (juicksaiid is restrained by forcing to the bottom a large 
sponge or several small sponges wired together and Aveightod with 
small stones. Soinotiiue.s n brass strainer, doged at. the bottom and 
about one-fourth of an inch less in diameter than the bore of the 
well and of a length to extend through the fine siind, is lowered to 
tlie bottom of the well. The casing is pulled up till its bottom is 
nearly flush with the top of the strainer. A tajjered brass tube to 
the to]) of which is attached a lead packer is inserted at the joint. 
A swedge block or expander i.s lowered till it rests on the lead 
packer. A few blows suflice tf) expand the lead outward against 
the casing maJdng % sand-proof joint between the strainer and 
casing. 

Sometimes a strainer 4 to G inches smaller than the casing is em- 
jiloyed. It is lowered from the surface by means of ordinary .screw 
pipe cut in lengths convenient for handling. The strainer is pro- 
vided with guides to center it in the bottom Of the well, and coaa-ae 
sand or fine gravel a little liirger than the strainer opanings i.$ jioured 
in at the ton to fill the nnnular space bBtween tbc strainer and casing. 
The sHud filling niay he brought t^) Uis .surface of the ground and the 
whole outer casing drawn, leaving the pipe with which the strainer 
was lowered as the i)ernuiuent casing. If it is desired to retain the 
original ciising. the .sand filling may end above the quicksand. The 
casing is drawn up until its bottom is above the ouick.sand. The 
pipe used to lower the strainer is un.sciewed from tlie strainar and 
IS removed from the well. Such portion of Uie casing as is »ho'*Q 
ground is cut off. 

DRILLED WELLS 

A drilling outfit is necessary Avhere there is rock. A gasoline or 
steam drilling madiLne is generally used, and wells are put down by- 
contract witli pei-sons equipped for tJic business. Kwent contract 



prices for G to 8 inch cased wtiy mry from $3 to $5 per foot. The 
yield of drilkd >vells is sometimes increased by sliatterinff the rock 
witli dynamite. This is called " shooting " or torpedoing" a well 
and may create openings to adjacent passageways carrying water. 
Ihe method is less used than formerly, and in all instaa^s be. 
cause of uncertain results and liability of damage to tJi« m tew 
of the existing supply, it should be employed only as a lagt.®l»o*-t. 

FLOWING WELLS 

Figure 1.3 E shows three flowing wells side by side on a Utah 
farm. Hiallow flowing wells are usually short-lived. Artesian 
liows derived from strata outcropping in distant elevated localities 
frequently remain strong for many years. In general, however, there 
IS a luaiked tendeiicy tx)ward exhaustion Iwcause of reduced pressure 
and the sinking of other wells tapping the same stratum, ify usinc 
sound, heavy casing and valves to regulate the flow as needed, »nd 
by Clipping or plugging 
abandoned wells, fanners 
can aid greatly in conserv- 
ing artosiivn su]}plias. 
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^^''■^'{■—^<^wrsi\ layout of a hydraulic ram 

\alve, e, check valve; A, air cliambar ; //, d*llv«ry 
or discharge plp«; s, m\S or air valve 
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HYDRAULIC RAMS 

Hydraulic rams are not 
mechanical to.ys. They 
are the most economical 
puin])s k 11 o w n and have 
been used to raise large 
quantitiee of wtiter. Two 
farm ram,s are shown in 
Figures 13. C and I). 
Hydraulic rams utilize the principle of water haimner. Their op- 
eration will be understood from Figure 17 and the following de- 
scription: A\ ater flows from the source of supply through a straiHit 
iron pipo D wasting through escape vaJve E until the velocitv is 
sullicient to force the valve outward to its se*t. This creates a "kick " 
or water haumier in pipe D and opens check valve C, through which 
some of the flow is forced into air chamber A and dclivcrv pipe li 
llie greater pressure in pipe B quickly overcomes the movement 
and causes a reaction or backward pulsation closing valve C and 
unseating valve E, whereupon the water in pipe D flows again and 
the whole operation is repeated. On the recoil, a little air is sucked 
through tte snilf valve S to maintain the supply in chamber A 
■ { «Wi-oximatfi quantity of water raised bv a good ram. nroperlv 
installetl, nmy be estimated from Table 3. " j i j 

Tablk X—Qiiantit!/ of voter rained hy a hydrnulio ram 



Lift (feet) divld»cl by fall (feet). .. 
Oftllons raised In « heuri for 

<>ach (tallon pmr mltratt to the 

ram 
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Example: What quantity of water will be raised in 24 hours to a 
heiglit of 48 feet above a ram receiving 3 gallons per minute from a 
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spring 12 feet above the nun? Sohition: Lift (48) divided by* ^1 
(12) equals 4; under 4 in Table ?5, 1 gallon per ininnte to the ram 
raises 2(50 j^allous in 24 hours; therefore 260 nniltiplied by 3 equals 
780 fxallons, the qiinntity of water that will Ix' raised by the ram. 
If the delivery l)ii)e is very long, the friction loss therein should be 
determined from Table 4 on jiage 23 nnd should be added to the lift 
(48 feet m the above example) to find the true i)uui])ing head. 

MttiuifcKsturei'S of ranis recjuire the following iiiforiiiatioii to deter- 
mine the size needed for a ])artieiilar iiistalintioii : (1) Quantity of 
ttater in gallons per minute available «t mm; (2) (jiuiutity of water 
in gallons ])er day desired at buildings; (3) available fall in feet; 
(4) horizontal distaiiee in feet in which tall occurs; (5^ length of 
delivery ])i])e in feet; ((">) lift in feet. Miinufactnrer's instructions 
for installing should be closely followed, thereby lixing resjjonsi- 
bility for re.siills. 

The mininiuin or the average How should govern the size of the 
ram. as otherwise the one selected may be t-oo large t« be actuated by 
the dry-wwiUiar IJow. Sometaiiicvs the How of a s])ring is too small 
to operate a ram coiitiniiou.<;ly. In such cases a float-controlled regu- 
lating valve .shown in Figure 13, /•' may be used to sto]) and start the 
ram automatically. The valve is screwed on the np])er end of the 
drivepipe, and ojiens quickly when the sni)i)ly tank fills and doses 
quickly M-heii the water falls to a ])ermissible level. Sometimes » small 
spring is sulliciont for actual home needs, but the power head tnmt be 
obtained from a near-by brook. In such instances a double-acting 
rain is employed, utilizing the recoil to admit the sjjring water which 
is ])uiiii)e(l by the brook water. Where the i)ower sui)j)ly is far from 
the niiu, it is usual to ])ipe the flow to an o])eii tank "or .stan(l])ipc 
located so as to secure the desired length and fall of drive])ipe. 

A hvdraiilic ram should be fastened to a suitable foundatioii and 
housed properly. The waste ])ipe from the nun pit .should be rtf good 
size and not subject to biuJcwafsr or other obstruction. Four-inch 
drain tile i.s often uKhI. The drivejjipe must he air-tight. Bends 
are a detriment, but if unavoidable should be of gentle curvature, 
leaving (lie bore unrestricted. For small installations, lead pi])e is 
much better than inm. Full-way gate valves should be used to lessen 
fricti(m. The ii])])er end of the (lrive])ipe, which may be made bell- 
shaped to facilitate entry of water, slKuild bo submerged at least a 
foot to prsvsnt suckiiiff un-j and should have a strainer with oi)enings 
tdtaliiig three to five ti'nies the cros.s-seclional area of the ])i]K'. Uub- 
her valves are less noisy than metal, hut where the pounding is ob- 
iectionabie. us it may be in a dwelling, a ])iece of leacl ])i])e orrnbber 
hose inserted in the delivery pipe les.sens or ends the trouble. 

Every newly installed ram re(|iiires ndjii-stment. Action may be 
induced by intermitleiilly pressing down on the waste valve and 
allowing it to riise with the escape of water. The travel of the escape 
valve and the rapidity of its strokes should he regulated hv exi)eri- 
ment (by sigiit. scamd, and inference). To illustrate: A ram run- 
ning 37 strokes a minule used 13.1 gallons, of v.-iiich 10.1 gallons were 
wii.sted and 3 galhais were i)iimpe(l. AVhen .s])ecde(l to 72 sti-okes a 
inimite the ram used only 4 gallons, of which ;^.9 gallons wer* wasted 
and 1.1 gallon*! were piimpd. If the L^vapa valve remains up. exces- 
sive pr«4ssure. or leakaLCe in the ram is indicated. If the e.sca])e valve 
remains down, lack of fall or water is indicated. This difliculty can 



often be overcome partially by plufrgins tAVo (one on each side) or 
moi e of the small holes in the plunger. Should the ^^wn operM^ and 
discharge no water, lack of air in tli* airf-dteli^ei'* dr, *:,QSife% tJie 
delivery pipe is probable. 

FRICTION LOSS AND PUMPING HEAD 

]\rovement of ^ater in a pipe produces friction, a form of resis- 
tance tiint incrwises with the length and rongluiess of the pipe and 
the rai)idity witJi which the water mores. Wherever much water 
is tt) be delivered throtifrh a long pipe, the poM-er or head necessa'-y 
to overcome friction should be detei-mined. This is called friction 
loss or friction head. Its effect is to increase the vertical lieiglit 
agnmst which a puinj) operntes. Bends, especially .sharp turn.'?, iu 
n pipe line also increase th« friction, but ordinarily the farmer may 
neglect this loss in discharge pipes. Excessive loss due to frictioii 
may be avoided by increasing the size of the pipe. Table 4" shows 
the friction head (number of feet to be added to the vertical height) 
for each 100 feet of iron pipe (not new) to overcome friction when 
discharging given quantities of water. The compai-ative dischaa-ging 
jjower of pipes of the several sizes also is shown. 

Taulb 4.— /N-icMow hmtd or logs <md aowtporeMitee UttO Mrging poiver of pipes 
I UiaaialM' of pipe la iDphw 



IHH* minute 





?< 




H 


j iK 




2 1 2H 


3 


4 


5 


0 



0.5. 
1... 
2... 
3... 
4... 
6... 
«... 
8-.. 
10.. 
12.. 
14.. 
16.. 
18.. 
20.. 

30.-. 
»5.. 

.w.. 
flo.. 

70.. 
80.. 
»0.. 
100. 
120. 
140. 

100. 

180. 
200. 
240. 



Friction Iom In feet for each 100 foet length of pipe 



28.0 
103.0 



0.4 

23.3 
49.0 



2. 1 
7.4 
15.8 
27.0 
41.0 



Compnrnlivf dis- 
oliarging ))OW«r of 
pipe*' i .03 



.08 



. IG 



1. » 
4. 1 
7.0 
10.6 
14.7 
25.0 
38.0 



1.20 
Z14 
8. 25 
4.66 
7.8 
11.7 
10. 4 
22.0 
28.0 



. 47 



0 57 
.84 
1.20 
2.03 
3.05 
4.3 
5. 7 
7.3 
9. 1 

n.i 

10.6 
23.6 



1.0 l.S 



0. 30 
.40 
.50 
.95 
1.43 
2.01 
2.08 
3.41 
4. 24 
5.2 
7.8 
11.0 
14.7 
18.8 
23.2 



O20 
.33 
.50 
.70 
.94 
1.20 
1.49 
1.82 
2.73 
3.84 
5. 1 
6.0 
8.2 
9.9 
13.9 
18.4 
23.7 



0. 11 
. 17 
. 24 
.32 
.41 
.60 
.61 
.92 
1.29 
1.72 
2.20 
2.71 
3. 32 
4.65 
6.2 
7.9 
9.8 
12.0 
16.8 
22.3 



I 



0. 26 
.38! 
.64 
.-Ij 
.9l! 

1. 16 
1.38' 
1.92 

2. 67 
3.28 
4. 
4.00 
7.0 
9.2 

11.8 
14.8 
17.8 
25.1 



2.9 



0.2 



11. 1 



18.0 



O09 
. 13 
. 1 
.22 
. 28 
. 34 
. 47 
.03 
.81 
1.00 
1.22 
1.71 
2.28 
2.91 
3.61 
4.4 
6.2 



38.3 



0. 11 
. 16 
.21 
. 27 
>34 
. 41 
.68 
.76 
. »R 

1.22 

1. 48 
2.08 



68.9 



0.24 
.32 
.40 
.60 
.61 

.m 



111.3 



no«-<l on <ll.imotoi-K ralw-d to tlip nowt, . IHwharcp deiwnds not oiilv npou sizo of 
.llH. but uiK.n velocity of flow, n factor tiial chaii^'c* wlUi tlio relation of ii«uV of water 
to IciiKtli of piiM.. iispwtlon Khows that dotihllnp the dlnmeter of a pipe liicronsos t^e 
. iwlinrKlns i)ow.>r aUmt 0 timw. assuinlnst like hmds of vcater and llkV Inilrths of i>li^ 
.\KHumlii;,- llkp yploclti.^, doubling' tho dlntueter lner«i(Kw tliV capacity 4 t Sos {n'canZ 
the an.a» of circles ar,; proiwrtlonal to th<> squarea of their diameters This ttible shSuS 
V'"' f'T I'IPOs shorter than noo tlmra the Interior diameter ""oum 

ll.vdrnullc 'l^hles, Williams and llazeu, N. Y. 1009. Coefllciciit hare used Is 100 ■ 
fair value whore ti,e Interior of Iron pip. 1, roughwied by 10 to 15 "wTrust fom.t^ 
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A column of water 1 foot liijrh and havinf^ u base equal in area to 
1 s(iiiuro inch welf^hs 0.43 pound. Tlic i)ressure on tlic base is equal 
to tlie \vei{:lit of the column. Double the height, and the weifiht and 
the pressure are doubled. Hence it may Ije taken for grante<l that 
the pressure of water at reat (.static prot^nre or 1m?*<1) is in diract 
proportion to the verticul height or depth of tJie water. From the 
above Table 5 is computed. 

Table 0. — Vertical Uciyht in feet and equivalent pressure in pounds per square 



Udlght 


I'ressure 


Height 


rre«sure 


Heiiiht 


Pressure 


Feel 


Poundt 


Feet 


Poundt 


Fret 


Pounds 


1 


0. « 


20 


K. B7 


75 


32,51 


2 


.87 


25 


10 84 


80 


34.08 


3 


1.30 


30 


13.00 


85 


30,85 


4 


1. 73 


35 


15. 17 


80 


39,01 


5 


2. 17 


40 


17 34 


U5 


41. 18 


6 


2.80 


45 


18. 51 


100 


43.35 


7 


3.03 


50 


21.87 


UU 


47.68 


8 


3.47 


55 


23,84 


120 


52.02 


9 


3. UO 


(10 


26.01 


130 


86. 36 


10 


4.33 


65 


28, 18 


140 


00.69 


15 


6.50 


70 


30 35 


m 


65,03 



T\ro examples are given to .show the use of Tables 4 and 'i. Ex- 
ample 1: How much water will bo delivered by 500 feet of li-j-incli 
pipe fnun a spring 'JG feet above the outlets Solution : ^Iulti])lv the 
head (20) by 100 and (lividc the product (2,000) by the length 
(500), ifiviiig 5.2. In Table 4 under IV^-iuch pim find 5.2 and 
fxjllow t4i the e.\t-reme left to find the answer — 20 gullons per ininut*. 
It is ussuuu'd that all the head is used to overcome friction and that 
the water emerges full bore of the ])ipe. Exani])le 2: What is the 
l)umping head where a pumi) is di-lncring gallons u minute 
through 1,000 feet of 1-inch pipe to a hydropneuimitic tank carrying 
.'59 pounds per square inch situated 20 font higher than the puiup? 
Solution: To the vertical height water is raised (20 ftMjt) mu.st be 
addftd friction lo.ss which is 1.26 feet for each 1(K) fwl of length, 
or 12. G feet; there must be added the e(piivalent height of the 39- 
poniid tank ])re.s.snre which from Table 5 is seen to be 90 feet; 20 
plus 12.6 })lus 90 equals 122.6 fwt. the tj-ue pumping head. 

PUMPS 

If a perfect vacuum could be created in a pump cylinder at sea 
level, water would follow the i)luuger to a vertical height of 33.9 
feet. This is called suction or suction lift. With elevaltiou above 
sea levch air becomes lighter and suction becomes weaker. It will 
be helpful to see how the discharge of a ]nni\\) diminishes as the 
suction lift increases. Figure IH shows the results of a te.'^t close 
to sea level with an ordinary IVrinch i)itclier puini). The diagram 
shows the discharge decreasing from 10..H gallon!* per minute when 
the suction lift is low. to no discharge at SO feet 2 inches, the extreme 
height to which the pmu]) would draw. It is important to have a 
low suction lift but approximately three-fourths as much water 
was drawn when the lift was 22 feet as when it was 1 foot. On this 



hums Table C t^«!r the* IffMtmg suction liAi for the satisfsictory 
operation of pumps at stated elevations up to S.Om ji#;yfet 

.1 .• I « »ik ii I* ~ 
Table Q.—TAmUing metiof^^ft of pumpt (vertical <*«i«iM9« from m00- imm $s 

top of eyUndet) ' - ^ . ' 



Sl«v»Uon (ibeve kvel 


Atmos- 
pheric 
pressure 
reduced 
to equiva- 
lent 
head of 
water 


Limiting 
suction 
lifti 


Klevation above aca level 


Atmoa- 
pherio 
pressure 
reduced 
to equiva- 
lent 
head of 
water 


Xjimiiing 
suction 


Sea level 


Feet 
33.8 
32.6 
31. 4 
30. 2 
29. 1 


Feet 
22.0 
21. 2 
20. 4 
19.6 
18.8 


8,000 feet 


Feet 
28.0 
27.0 
26. 0 
25.0 


Feet 
18.2 
17.8 

16.2 


1,000 feet 

2,000 feet 

3,000 t«et 


6,000 feet 

7,000 feet 


4,iOO feet 


8,000 tmi 



T»V«n as 65 per eeut of the heads shown ia the »«>co*9 edfumn. 

Suction pipes may be long provided the 
friction loss (see Table 4) plus the vertical 
height from water level to pump valve 
does not exceed the limiting suction lifts 
shown in Table C. Lengths of 100 to 1,000 
feet atre fiequent. An ordinary pitcher 
punip raised 5 gallons per minute through 
320 feet of 114-inch pipe having two 
elbows, a foot valve, and a vertical height 
approximating 19 feet. Suction pipes 
should be straight, air-tight, slope uni- 
formly upward from well to pump, and 
ntsmt- be smaller than the piiinp suction 
coaaoction. Long suctions should be larger 
th«ii such conjiecfcion and should have a 
foot valve and sti-ainer on Uie end in 
the well. 

Pumps may be divided into two classes — 
suction and force, or a combination of 
these types. A suction pump has the 
cjflinder above the water; it does not 
raise water above the pump nor discharge 
it against pressure. A force pump can 
raise Avater above itself and against pres- 
sure, llie general arrangement of valves 
in these two types of piunp suid in a deep- 
well pump is shoi^-n in Figure 19. 

Where a pump is more than 22 feet 
above the wsiter it is necessary to lower 
the cylinder. AVhere the water is 22 to 30 
feet below the surface, a set-length pump 
may be used. This pump has the pipe 
and rod lengthened to permit placing the 
cylinder several feet below the well platform. A drip hole may be 
drilled m the pipe just above the cvlinder, thus allowing the water 
above to escape an<l, provided the platform is tight, preventing fi-eez- 




° * i3 

GALLONS PtR MiNUTt 

1'" I o . IS. — DiaRrnm xliowiiiK 
liow Oje dlwharfe of a 
pump varies with the suc- 
tion lift 
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Check 
Valve 




SUCTION PUMP L- 1 



{ 



Stuffing 
Bo;< 




^•Stuffing Box. 



jng. By kngUicning tlic pipe and rod and bv using a small cylinder 
]om-ered into or mvnr tlie water, this type of pump may be used in 
wells (i) or iiioro feftt 111 dftptli. 

Where the wattr is far 
below suction lift, a deep- 
well pump driven by power 
is generally ust-d. llie 
working head is placed 
over the well, and pump rod 
and drop ])i])e are lengthtuied 
to permit setting the To w e r 
cylinder in or close to the 
wiito-. Submergence is best 
because it kee])s the cvlin- 
der primed and tiie pump 
leiitiiers i)liable. Deep-well 
pumps are usually single act- 
ing; that is, water is liftod on 
the up stroke. 'ITiis brings 
a li e H V y , variable load on 
the working parts, and an 
ui)])er or (iifferential cylin- 
dei- in or just below the 
working head is eniplojed 
to divide the work Iwtwotiti 
the U]) and 'down strokes. 
In this way the water that 
IS lifted to the surface by 
the up 



-Upp«r 
Plungtr 

Chtck V*lv« 



-Pump Rod 
-Drop Pip« 



2 ^ ^Lowtr Plungir 



I^Foot 



V*lv* 



suction and 
force: pump 



DEEP WELL 
PUMP 



l-*01 



'''nin,?;';:;.*'''';,'''''" ",7""K«''n«nt of T«|voi> and 
imiiifers In huctloii, foic«, tind di><>i)-wwll 

I>lim|>M "T^ l"- TTMl 



stroke of the lower pluiiwr is forced to the 
discharge i)ipe by the down stroke of the 
U])per plunger. 

Jt is a great convenience, especially in 
wells ,.-) or more feut in depth, to use an 
opcn-lype cylinder lil-tej for drop pipe o„e 
size largrr, to facilitate pulling ui) the lower 
plunger for renewal of leathei-s or other 
parts. A cl<)sed-ty])e cvlinder with smaller 
drop pipe reciuires drawing cylinder, pump 
rod. and drop ])ipe. The two types of cvlin- 
der are shown in Figure 20. ' The sizo of 
the cylinder should always be determined 
Iroiu the sue, depth, and yielding power 
of the well, the hours witliin which the 
( ally re(iuireiiieiits are 1o be pumped, and 
tile available power. Ordinarily the day's 
IHuninng IK done in one to t^iree hours 
Deep wells and hand and windmill out- 
lits take the smaller cylindei-s; the advice 
ot a rehabk dealer or manufacturer whose 
product IS to be used should always be 




VlG. 20.- 
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Tablb 7. — Capacity of pumpa * 



2^ 



length of stroke In Inches 



1.. . . . 



iVi 



Diameter of cylinder 




3 
















In InehM 


t 


* 


5 


6 


7 


8 


10 


12 



Capacity per stroke In gallons 



0.007 
.011 
.015 
.021 
.027 
.034 
.042 
.051 
.001 
.072 
.083 
.090 
.109 
. 13S 
. 170 
.200 
.245 



0.010 
.010 
.023 
.031 
.041 
.052 
.004 
.077 
.092 
. 108 
.125 
. 143 
.163 
.200 
.255 
.308 
.307 



0.014 
.021 
.031 
.042 
.054 
.069 
.085 
.103 
.122 
.144 
.107 
. 191 
.218 
.276 
.340 
.411 
.490 



0. 017 
.027 
.038 
.052 
.068 
.080 
. 100 
.128 
. 153 
. 179 
.208 
.239 
.272 
.344 
.425 
.514 
.612 



0.020 
.032 
.040 
.002 
.082 
. 103 
.127 
.154 
.184 
.216 
.250 
.287 
.326 
.413 
.510 
.617 
.734 



0.024 
.037 
.054 
.073 
.095 
.120 
. 149 
. 180 
.214 
.251 
.291 
.335 
.381 
.482 
.695 
.720 
.857 



0.027 
.042 
.001 
.083 
. 109 
.138 
. 170 
.206 
.245 
.287 
.333 
.383 
.435 
.551 
.680 
.823 
.079 



0.034 
.053 
.077 
.104 
. 13G 
. 172 
.212 
.257 
.300 
.359 
.410 
.478 
.544 
.088 
.8.50 
1.028 
1.224 



0. 041 
.0fi4 
.092 
. 125 
. 163 
.207 
.255 
.308 
.367 
.431 
.600 
.674 
.668 
.828 
1.030 
1.234 
1.409 



FifTiue 21 sho\Ys puuips of the kinds described. In selcctin^r 
a piiiiin the followinfr mfoniitition should bo known: (1) The kind 

-T r ir il'»"»"ter, deptli to bottom, deptli cased, deptli to water 
le\el both at rest and wlu-n pumping:, and tlie sustained yield, as 
OuiKl by test in piUon-s i)er minute (see "Ground Water Su])pli;s," 

•on^'.i, 'l -Tr"'' ^-^^ ' >H«J^"n'.m quantity oVwntc^r 

eni i ed at buildings gallons per hour or day; (3) distance from 

these offi"'m f i 1"""!' "^"^ vertical height between 
tiKse points (4) distance from pump to reservoir or tank, and the 
veitienl height between the.«e points; (5) kind of power. 

Ob .imd Jroili'tifp^" ^'i y'lV^'" inforjnation should be 

oDtdined fiom the local light or power company: Tlie voltntre if 

-iko^n'idn^'^ Witf Vf'"^ volto^e cycles, and'^pliLe, if the eu^reiil 
ih .1 ternating AVitl the above information a reliable manufacturer 
or dealer will be able to select suitable equipi^^nt and tJie farmed 
can check the suitability of the selection. 

PUMPING WITH COMPRESSED AIR 

AIK LIFTS 

wnui" ''r ' "^^i"'.'". large quantities o^' water from deep 

^^elKs. ( ompiessed air is led tWgh a small pipe deep into a weH 
and ,s there released m an upward directic.VthrouLd, ,m, oro ' 
small hole, m the side of a nozzle-shuped foot piece" o w ich s 
screwed a vertical pipe for the delivery of water to the surface Tl ^ 
air as small jets or bubbles in contact with wii)er, rises a.ulTN,,.im s 
withiu the dehverj- pipe, carrying with it and eWting ' m^c f U lo 
Mater. 1 o secure the be-st resnltsfthe submergence and tlTsi/e •in 1 
ariangemen of air ajid yf^r pipes for eachlnstullat o slm^^^ 
( etermmed by the manufacturer or others e.xperiencJd in U work 
A,r lifts have uo moving parts in the well. The ,1 nil 4, .uis 
are s.mphcUy, durabUity, large capacity, noninterfeiln fb cofd 
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%nll\. . . mm'^m I I ""'l''"*^,J"7'' nii'l forco pump witli i.iicl..rKr<,mieI and Hpnnt dls- 
clrnr^'.. ron nllo,l l,.v l,„nc «I„^.l ; II. nfter i-omi.letJoii of Improvc-mcmls ; r. piimpliiK 
Mnlt nmHM\UK of .1.;^' wHI p.nnp. inuPTKrn.nul ,||«<-1„„-^-... nl.Vtrlc motor vlll, ,,,m 

|mm|. : /■ . Imiul an. wln.hnlll force pum,. wlU. front and Iwck o,M l" t.s ; f;. 'p^nv^; work- 



Farmstead Water Mapply 



2^ 



^'rit or ssnd, uiul udaptability to drawing from a crooked avcU or 
from several widely-se]jaruted wells Mitli one ]>ower outfit Dis- 
a(lvuntfif,'es are cost, low efliciency nnless correctly dcsi-'ned and in- 
stalled, and tendency of the air to slip over the water where the 
l.or,x(mtal discharge distance is great. An air lift is often imd to 
raise wa.t*r to the surface, »fter whicli it is pumped by otlier ifie«ns. 

AIK-DISI'LACKMKNT }'UM PH 

An air-displacement pump consists of a submerged cylinder or 
cylinders from which water is automatically displaced by c"omiM'essed 
an. the operation of the pump being wholly controlled by openin.' 
and closing any faucet on the wat«r-deliv^ry pine. Xo^ wJiter is 
stoied and tlie pump is at rest when faucets are closed. The chief 
ad van age of the system is that water mav be taken from one or 
u77^nT"''^ ^vitli one power outfit and delivered direct from well 
to faucet Ihe sy.stem is not cheap and is not as simple as some 
other methods of raising water. I>ipes and i)uiiips must L tight and 
reiiiaiii tight m service and th« working parts be maintained Tn good 

Air lifts and air-displacement pumps require some method of 
compressing and sk.riug air. Figure 22, /^:, shows the.e parts in h 
typical air-displacement jnimp in.stallation ; they consist of a gasoline 
engine air compressor, air tank, and air pipe to the well in the fore- 
ground, and water pipe from the well. Wie air-clisplace.iien p'«'.p 
imploj-ecP ^^^t niece conVl be 

POWER 

The theoretical hor§<^power lUH-essaj-y to raise srntev is found bv 
luu tiplying the .rallons pumped in one minute by the totS 1 ft J 
feet including ^-iction i„ both suction and discharge pi es an 
d.v.dnig the product by 4.()()(). To overcome lo.sses in the i chin'M•v 
he t h.;oiTtical horsepower is generallv multiplied by 3 to 4 foi " eV- 
tn.Mlrive.i jmiups and bv 4 to G /or p.nnps driven by L 

g nes are suflicieut for farm pmiiping. but it is safest to comi> itc 

u)ii<(iii. lable 8 shows thq actual horsepower required to numn 

;i:;::^''t^f =Si™ir'^''*^" ^"^^'^-^^^ --^ (-^-^ s 

Ta,u.k s.-Hor.r,„„rrr r,„uirc,l to jn,m„ u aicr (ha.r,, on ovrruU rfPciau;, 

of iio par cont ) " " 




Hand power is unsuitcd to large supplies or hiffli lifts Wind- 
mills are more extensively used for i)umpinK water than any other 
f^ourco of power, and .f well installed and maintained give good low- 
cost servK-e. In selecting an outfit, the prevailing wind velocitv, the 
Jonshlo il " "^T''^ t^io. cylinder, .n^d the lift shoS'd be 

th? AH, V''?'.^ overloHdinj{. Wi^admills are generally loaded in 
he Middle A^ est to operrte in 16-mile winds, starting to pump in 
a 0 to 8-m.lo wind, doing excellent work in a IS-uiHe w nd and 
renching the inax.mum in a 25 to 30-mile wind. In mointa nous 
regions windniills are generally loaded for a 10-mile wind. With ?ho 
excei)tion of Ivansas and a few otJier states th* most desirable wind 

t e « Tl, ' '"'^'^y P'-^*^^ as muA »s one-third of tS; 

t I no. 1 lie most common cairse of oferloading come from usin-r « 

ttn hv "smnr'T- ^' "'^'^ '^'"""'T '^^^'^ ^'^"f^'- l-"°ds of o era" 
fonne • ^ "''/l^ f to large cylinders, enables the 

loime , in tl e course of a season or vear, to iiump more water 
( ylii.ders nnd mills which have long, slow stroke! nre^vcommendS' 
d ffo!Zr^l''T f"^ '^''T^' interpolated from the cntalTgues of 
l\.ble T)^ "'*-""^*^turars of b*ck-g«»i-«i windmill* arc given in 

Tahlk O.-Approximafe cap^Hy of wUidmiU, {from munufaoim-m-s' ratm^, 
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C.asoline and oil engines are well adapted to farm pumpin.^ and 
m y .e equipped lo s oj) at any tiesired pressure in the ta," c supJh 
1 lol -ai r engines lu, vc had considerable use. The use of elec ric t 
pm.iping IS increasing rapidly. The method rdc'in nS^^^ 
oonvonieiit. and stopj^ing and starting a di.stant l,uii by^ 1 ro^^^mr 
o m'.V \T-'-' " '•^'"^'ty;\l>^''-^'ver ti^*nsmission lines^am sx, i eiu- ,s 
to make tins jx.w^r available. Electric motors may be had in s nil 
sizes Mild low powers and im.y be arranged to staJt n sto « to 
.•M«lically with changes in the tank pressure: two ins?, iSi ns are 
shown in Figures :>W and 2.*) r. " 'I'^i.iii.iiions aie 
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STORAGE OF WATER 



ELEVATED TANKS 

"Water may be stored in wood, stoel, or rtn*sonry tanks, Mid to se- 
cure gravity delivery the tank must be elevated' above all faucets. 
Tanks i)lnc('d in attics, burn lofts, nnd upon light trestles are un- 
siitisfactorv. The obiections iH'lato to insecurity and leakage, hick 
of i)n'ssuro, and unwholesonienoss in suuuiier nnd freezing in -win- 
ter. ]\Iasonry tanks niiiy be jilaccnl on a hill, silo, or masonry tower. 
Where jjossible, an underground conci'ete twik on » hill is very de- 
sirable, avoiding trouble -n-itli frost and giving a teninered luid sure 
supply. Tanks should hold more than one day's snpiily. For wind- 
mill su])piies the require- 
nieiits of a -week or more 
may be needed at time.s. 
Tanks should be pro- 
vided M-itli a -waste inpe 
and vnlve to facilitate em])- 
tying and cl«iniug, nnd 
-without fail s h o u 1 d be 
covercil tightly for protec- 
tion again.st ' heat, cold, 
dust, vermin, and .sun- 
light. Where exposed to 
light, ground and filtered 
waters nre liable to de- 
velop growths -which iui- 
l)art objectionable odor, 
taste, or a p p e a i* a n c e . 
Figures 22. ^[l. and '2i 
show a number of poor 
and good tanks. 

HYDROPNEUMATIC 
TANKS 

"\\'ater may he stored 
and (1 e I i V c r e d to the 
faucet bv the use of a 
tank need not be elevated 
utility room, basement, or 
ahsolutelv air-tiijrht. Air 




To Pump «nd 



8» 



Ki(i. i;;t. Woi klUK drawing for a S(|Uiire, icIiifDi c-wl 
coniTote. iimlerKroiuul tiink. Vciv ooiivuiiluiil 
when cinotyliiK mid cl<>aiiliiB a tmik. to lmv» m 
viilvc on till" wniply i>lix> nnd a viilv«- on n lirnnrli 
l>lin' or blow-off cndhiir iibovc (rn>und and cradcd 
lo drain tlm hlglrw Hituatol i>iiH- and tank ; cIok 
hiK till' main vdlve and oix-iilnif the linuicli valve 
I'mplips the t«nk 



hydiopiieunuitic (watw-air) tank. The 
and uSuftlly is conveniently located in a 
cellar. Tlydropneuinatic tanks must he 

l>eiug lighter tluiu water occupies the upper jwrtion of the Tank, and 
it i)ies.ses with increasing force against the water rs either more 
water or more air is puiupeil into the tank. "When air and watar 
are under pressure the latter graduallv absorbs the former, and this 
ahsoi'iition is the more rapid tlie higher the pressure. From time to 
tune, therefore, the air supply niu.st be i-eplenished, or the tank be- 
comes water-logged. Mainte nance of the air sujiply is a vital factor. 
Inlet and outlet pipes must enter at the bottom of tlio tank. Hvdro- 
l)neiimatic tanks are made of three-sixteenths inch or thh-ker" steel 
\yith riveted and M-elded or calked joints. A range boiler or other 
thin -walled tank should not he used for this piirpo.«e. The smaller 
tanks generally are galvanized and may set vertically or horizon- 



Figures 25 A *i>d C 



tally; the larger tanks are set horisioniaJly, 
show tvpicnl installations. ■ .... • 

To obtain the best service from a hydrop«!H«W6(rfc*t*nk it is neces- 
sary to caJ-ry an initial or exooss nir pressure; that is, enoueh air to 
$im iwrn^mt wlien no water is in the tank. Table 10 shows what 
p»]-G<Mitage or fractional part of any tank, either vertically or hori- 
zoiiiMlly set, coiitnins water under varying conditions of Lsq pies- 
.sure and initinl air prewure. fe «^4^"^f 

Tahle -iOr-QuantUu of water hi. fraational part of total canncUv nt n^y 
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iJC • ^ ''"^^ if ^^•at'^i- is pumped into a 

tank lia^Ping no pressure nbove that of the ntniosphero 'until the L.re 
shows 5 pounds, the tank will be one-fourtli (0.25) filled with 
water; nt L, pounds it will be about one-half 0.51 fi 11 3 
pouiuls.it will be two-thirds (0.07) full; at 45 pounds t wi* be 
tli.|e-fourths (0.75) full; at GO pounds it' will be four fif hs (0 80) 

i u T'^'f' ^'^ ^^^^1^^"'= S"PP"«<' ^» 220-LnUl" tank ii 

I f f.il of water under a ^^age pressure of 45 poinuls and it s 

qinintity^^an be drawn belore the pres^i ^ 



V gallons, uie aviuhible quantity. In ceneral the 

;;,nil cLl^^d'tj^''^' • ^■'"^ one-}o,irth\o one-S o'f t 

PLANNING A SYSTEM 

2o onltl,. at 12 gullous «Hfli____ ^ 

fio slii'i'i) lit 1 gallon sncli — *W 

60 hotfs at 1 gallon eiioli, ^ 

Total — — - 

eoo 
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A suction pump would b« used with a shallow supply (see Table 
G) ; !i deep-well puinp or set-length pump would be 'used with a 
deep supply. A suction pump probably would be located in n dry 
frost-proof basement, pump house, pit, or underground concrete 
chamber opening into the house celliir. A deep-well pump probably 
would be outside of main buildings: if in a pit or chs-raber, tjiere 

should be a ifi*nhole over 
the center of the well to 
permit pulling up the 
punip rod and drop pipe. 

To do the day's pump- 
ing in two hours would 
require a pump having 
a capacity of 300 gallons 
per hour or 5 gallons per 
minute. The more con- 
stant the power, the more 
reliable the equipment, 
and the more accessible 
the repair parts Uae loes 
is the need of large water 
storage. An autonmtic 
electric-driven pump 
(see fig, 25 C) may 
have a pressure t-*inif 
varying in c*p*cit.y from 
10 gallons npwn'rd. It 
w o u 1 d he arranged to 
start i)unqMng when the 
pressure falls to 2.") or ;?0 
pounds per stjuare inch 
and to stop when the 
pressure rencluis 45 or 50 
pouiuls. With very small 
t il n k s any considerable 
use of water starts the 
inunp and delivers water 
bv direct puuq> pi-ossure. 
'J he snudler pumns ii.nd 
tanks are especially use- 
ful for ciitAJrn and' other 
liousehold supplies, but 
the punq) capacity (r»-gal- 
. , , , . . . ^""^ P^''" minute)" figured 

ni tlie exanq)le, would give fair discliarge from one garden hose 
nozzle or two ordinary spray nozzles or two house faucct.s. Pnstcr 
use of watei- would retinire n larger tank; a tank 30 inches in diam- 
eter by G feet long. 220 gallons cnpucitv (water and air) .should be 
sullicieut for short heavy drafts, having a working cnpacitv of ai)- 
proximaU-ly yO galhms (oil barrel cajiacitv) between the usual stoi)- 
])ing and starting pressures noted above. If electric current cost 15 
cents per kilowatt-hour the cost of pumping GOO gallons would un- 
proxmiato 14 cents per day. ^ 



-7- a" 



"-kip*--! 



I'Ki. -Workiiitr dnnvlnc for ii cuinliliu-U coollnir 
room mid round reinforced concrptp funk Huc- 
Ki'stcH nilxturpK for concrete: Tnnk wiiIIk iind 
liink Ijoltoni 1 : 2 : ;! ( 1 volunie cement, 1> volumes 
Hind. .) volunicM stone, none liirgcr than 14 Inch) • 
coollnis room walls 1 : !• : 4 ; foundation '\ ■ ly^ • 



m 




"i^- ".vdropncumatlc tank In hasoment : I) water softpnpr_vo„iifn„ .„ . . 
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A larger tank would be used if tlio pump were not automatic or 
were engine-driven. Under tliose circumstnnces a liydropnenniatic 
tank 42 mehes in diameter and 11 feet long, 1,000 gallons total cii])ac- 
ity would be .suitable. Witli 20 pounds initial air pressure, it woyJd 
deliver 280 ^allou.s betwoen pre«siir* 4t> and 25 pounds. (S^ Tidile 
10: 0.42 minus 0.13 equals 0.29, whieli, multiplied by 1,000, equals 
290 gallon.s.) Ileure it would be necessary to operate tbe pump 
twiee a day. If an elevated tank were to be employed its capacity 
sbould be larger, the equivalent of the tank .shown in Figure 23 being 
suitable. , 

FIRfe PKEVENTION 

Carelessness is the great firo hazard, and the watchword upon 
every farm should be prevention fir.st and protection second. To 
fight a Wtill-ignited fire successfully re(juires more water «.nd hiirher 
pressure thfcn ordinarily obt^ned with farm water ?;ystfm.s. With 
57 pounds pre.«»;urp at the sillcock. 50 feet of three-fourths-inch rub- 
ber ho.se and iin ordinary threc-sixteenths-incli 75-cent nozzle, the 
di.scharge is TVi. gallons per minute — less than three piiilfuls. Such 
a .stream directed at a large fire avails little, on account of its di.s- 
persion b}- heat, and it may haijjw'n easilj' that no water reaches the 
desired point. Other practical difliculties relate to frozen pipe 
lines, short«g<i or defect,s in thq hose, niispl(*coid no/.J^ae, and lack of 
experience in the sUillful u.«e of the ecpiipment when the time comes 
to light fire. Although farm water sy.stems are not generally given 
credit in insurance rating.s, they may be of great value if n' fire be 
discovered in its in('ii)ieut stage, and it undoubtedly is wise, wliero 
a ])ressure system is installed, to provide a few well-placed hose 
connections. An automatic sprinkler .sj'stem is very effectire in pre- 
venting serious fire. Sucli an instidlatiou in costly farm buildings 
is » wise st(L«p. adding greatly to tlie value of the plant considered 
as a going business. 

WATER SOFTENING AND IRON REMOVAL 

An excess of certain mineral salts dis.solved in water niHkes it 
liard, and therefore undesirable for drinking and cooking, ineifective 
and costly for cleaning and laundry purposes, and causes it to form 
scale in Uettles. pipes, and boilei-s. "Water nuiy be softened for 
laundry and cleaning purposes by dosing it with anmionia. borax, 
or wasliing soda, all of which can be obtained at most grocery stores. 
Similar treatment is unsuitable for softening drinking wat«r or large 
quantities of water for boiler and genernl farm purposes. 

Water softening is the process of prei-ipitating or changing the 
form of the dissolved minerals which produce hardness. The process 
further .seeks to neutralize the free acids whicli cause corrosion. It 
is a chenncal process and therefore is distinct from the removal of 
floating or settled solids such as mud or silt. Filtration alone does 
not soften water. 

The i)rin('ij)al hardening constituents sre the carhouates. sul- 
phates, and chlorides of lime and magnesia. The princij)al s''ale 
forming constituents are the carbonates and sulphates of lime and 
magnesia, and usually more or le»5 solid matter such as mud or silt. 



Hnrdncw e*«sed by limc and nrngBtsin carbonat^s licM in lolMtion 
l)y cai-bonic »cul, may be partly removed by Ijoiling the water wliicli 
drives off the acid or by tuldiug limo water or caustic lime which 
neutriihzcs the acid. Hardness caused by the sulphates of lime and 
mapesia is not removed by boiling but may be partly removed by 
adding sodu-usb. Such water may be treated chemically to form a 
more or less insoluble precipitate which may be removed by .sedi- 
mentation followed by liltiation. 

A group of impurities found in alkaline waters are sodium chlo- 
ride (common salt), sodium sulphate (Glauber's salt), and sodium 
carbonate (soda ash). The first two constitute what is known as 
white alkah, and the third constitutes black alkali. These com- 
pounds are nonscalo forming, but their presence in mrm th*ii aar- 
nial amounts makes water unfit for domestic consumption. 'Um 
sodium salts are very soluble in water. Tliey iiot precipitaAsd 
by heat or chemicals nor are tliey remoi'e<l by fikratioii, b«t Uw 
may be removed by distilhttion. 

ITousehold water softeners are on the market. In every instance 
the water should be analyzed by a trained chemist to determine tlio 
proiier treatment. The United States Department of Agi-iculture 
IS unable to undertake the analysis or other examination of sampk* 
of water submitted by individuals, since its authority for work of 
this kind is restricted to oflicial samples collected by the department. 
No doubt many of the states are similarly restricted with respect to 
analyses for individuals. However, those knowing of no private 
chemist who makes water analyses and who desire to employ one 
can usually obtain information regarding competent chemists who 
would be in a position to make these analyses by addressing tlie 
State beaJtli oflicer, the State chemist, the director of the agricul- 
tural caiicriment station, or the professor of chemistry in the State 
or other university. Many manufacturers of water softeners ha\-n 
laboratory facilities and do analytical work without charge to 
prospective customers. Xot less than one-half gallon of water is 
required for an analysis. The water should be ciH-efully collected 
in a clean bottle. The sample should be represeait*tiro of the whole 
supply and should be packed with sawdust or similar material in 
a. box or caj-ton to prevent breakagCi or freezing. 

Figure 25 // shows a water softener of the zeolite type suitable 
for home use and costing from $175 upward, according to the size 
and make. The names and addresses of manufacturers can be ob- 
tained from trade and aquipment directories, which can often be 
consulted in public libraries or commercial houses. Operation of 
this softener is not difTicult or costly, common salt being the only 
dicmical (he householder uses to maintain it. Zeolites are hvdroua 
aluminum sodium silicates, a hard granular mineral product insolu- 
ble in water and having the power to exchange its sodium for an 
eipiiyalent amount of the calcium and magnesium in the hard water 
j)wssing through it The quantity of dissolved mineral matter in the 
water is not rivduced, but its form is changed. The life of the zeo- 
lite material is maintained by adding at the top from time to time 
a 10 per cent solution of common table salt. The amount of salt 
and the frequency of applying it vary with the hardness of the 
water and the quantity of water used in the home. A report on one 
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installation states that 300 gallons of water are "softened by one 
chnrf,'in<: of 8 pounds of salt; another states that GOO pounds of 
sa.lt H year softons STyjOO -rallons of w»tier. 

Many wntws, cloiir when drawn, contnin dissolved iron which 
npon relwsc of jjressnre ftnd exjjosin'e to air settles out as a rustv- 
loolcing sediment. Such water is likely to cause rust spots on lanndrj- 
■^vork and is mule.sinihle for other household pur])oses. AVater of 
this kind can usually he improved by thorou<rli aeration, followed by 
u i)eriod of rest to settle (he precipitate, and filtering the iipp&r«i(^t 
water through iiuislin, linen, cotton duck, or sand. The precipits- 
tion of tha iron is lia.stenod by adxiing a little ((lot<>rniine the qmmtitv 
by trmi) limowftter, a simple and safe solution obtainable at drug 
strf)res or easily and cheaply uuide at home. Limewater is jjrepared 
as follows: Put a suuill him]) of fresh quicklime (caustic lime) in 
a wood pail and slake the lime by gradually adding Hbout .'K) times 
Its weif,dit of wiiter. Stir or shake frecpient'lv during one-half hour, 
allow tune to settle, iind reject the licjuid. Add to the lime rosithre 
about 300 times its weight of wat-er, stir froqiiantlv diiruig the next 
24 hours, and allow the lime to settle. The cltfnr water above the 
lUidissolvod lime is liniewater, and should be kept for use in lar^e 
well-corked bottles or carboys. There is some .saving if the nudi's- 
solved lime is bottled with the liniewater, everv time some of tli« 
limewjiter is used adding a like quantity of frcsli water. 

"Water containing iron can frequently be improved for laimdry 
purposes by adding a little liniewater or washing soda to flio water 
in a tank or r»% stirring thoroughly, allowing the iron to settle 
to the bottom, and drawing oif the npijermost (clearest) water for 
use. The water drawn off should be filtered through cloth or other 
material, but this is not always done becaii.se of the inconvenience. 
Long boiling of water is an ai'd to the precipitation of iron, but the 
iiiethod is generally impraetical. Appa.rafns for the removMl of 
iron is ii|)oii the market, and the names and addressGS of maiiufac 
turcr.s can be obtained from trade directories on file in inanv public 
iibmriss. 

Iron removal and water .softening are subjects not easily under- 
stood by the ordinary individual. Examination of the water is 
always necessary to determine the ])ro|x>r treatment. (See page 37.) 
The apparatus and ])ii)ing .should be adapted to the work to be done 
and .should be .suitably housed to protect from frost. The apparatus 
IS co.stly, ;ind its o])eration can not be neglected. Individuals who 
can afford such plants or grou])s of farmers combining to iii.stall 
them can obtain very good results, provided proper attention is 
given to the operation of the plant, 

PIPES AND FITTINGS 

Galvanized wrought-iron or .steel pipe .screwed into galvanized, 
beaded, inalleable-iron fittings is generally used for farm water inp- 
ing. At greater cost, more lasting. < leaner-bore i)i])e. such as cast 
iron, brass, tin-lined lead, or cement-lined wrou'dit, is available, 
home of flie.se pipes and the more common screw fittings are shown 
111 Fi^rures 25, F, 0, //, /. and ./. Kurfher information on i)ii)e 
materials and urns and nietliodfi of jointing, laving, and in-otectin-' 
pipes IS given in Farmers' Bulletin 1426, "Farm Plmlibing." 
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